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The chemical industry is a huge contributor to the economy of ASEAN. In 2011, chemical exports per year in this region reached tens of trillions of USD [2] . Investment from other countries into ASEAN's chemical field is also very high. For example, the investment of South Korea (on the 2010) and US (on the 2014) into ASEAN's chemical industries were about 1,264 to 1,387 million dollars, respectively [3] .
Amongst ASEAN country members, five countries have achieved the highest Gross Domestic Income in 2015 and are also predicted to reach the highest Gross Domestic Income in 2020, according to the International Monetary Fund [4] . They are Indonesia, Thailand, Malaysia, Singapore and the Philippines which is why they are now called the ASEAN-5. These countries were also included in the top 50 countries of the Global Competitive Index issued by the World Economic Forum [5] . IMF calls these five countries as 'ASEAN-5' [6] .
The combination of high chemical usage and high labor force in the five ASEAN countries causes high risk of work related diseases and accidents due to intense chemical exposure. For example, there was a mercury contamination case in six villages of Minahasa Indonesia in 1997 [7] . In Thailand, there were 8 fatalities due to pyrogenous aerosols exposure in a basement of a bank building [8] . In Malaysia, occupational diseases caused by pesticides in 1997-1998 reached 239 cases [9] . In Singapore, cases of occupational diseases in 2001-2006 reached more than 194 cases [10] . In the Philippines, dermatitis and asthma in the workplace increased by more than 100 percent in 2013 compared to 2011 [11] .
Several initiatives from various organizations have been proposed in order to reduce occupational diseases and accidents caused by chemical exposure in ASEAN. The ASEAN Secretariat in 2013 has developed a guideline for Occupational Health and Safety, consisting of OSH hazard assessment, OSH training, and labeling of chemicals using the Globally Harmonized System [12] . In 2014, the United Nations Environmental Program (UNEP) has conducted a study on Chemical Accident Prevention & Preparedness (CAPP) in the ASEAN Region. This study found out that the attention from governments in ASEAN regions toward industrial disasters were still limited compared to natural disasters, although some regulations were already in place. In 2015, the Economic Research Institute for ASEAN and East Asia has drafted plans for an ASEAN-wide chemical safety database [13] . In addition, the Singapore Chemical Industry Council had also made a cooperation plan in the field of chemical regulation in ASEAN [14] .
Even though attention and implementation toward chemical safety in ASEAN regions were still limited, ASEAN-5 countries had set up their occupational exposure limit (OEL), ICOHS 2017 an important instrument regarding workers' health protection from the adverse effects of occupational chemical exposure [15] . In Indonesia particularly, there are three OELs 
Methods

OELs database
The OEL from ASEAN-5 was collected from government's website and correspondence via electronic mail to relevant institutions. Seven OELs in ASEAN-5 Country were collected, including 3 OELs from Indonesia and 1 OEL from each Malaysia, Singapore, TWA was gathered by dividing the STEL concentration with multiplicative factors (Table   1 ) [16] .
OEL in ppm = (OEL in mg/m3)(24.45) molecular weight from substance (1) 
10 < X ≤ 100 1.5 100 < X ≤ 1000 1.25
Common and unique substance
From the OEL database, common substances that appeared in all 7 OELs under reviewed were recognized. Unique substances which listed in one particular OEL was also identified.
Closeness of OEL ASEAN-5 with TLV-TWA ACGIH 2016 and PEL OSHA
In term of similarity of each OEL with TLV-TWA ACGIH 2016 and PEL-OSHA, geometric similarity measure (GSM) and non-metric multidimensional scaling plot were used. In GSM, concentration of each chemicals was divided by corresponding standard resulting list of ratios. Geometric mean for each OEL was then calculated from this ratio list (equation 2). Simple example of geometric similarity calculation is provided in Table 2 [17]. If GSM is higher than 1, means that the concentration limit is higher than standard OEL [16, 18] . In contrast, if GSM is smaller than 1, the concentration limit is lower than standard OEL. The closer the GSM to 1, the more similar the concentration limit to the OEL standard.
Non-metric multidimensional scaling plot using R version 3.3.3 software was used to visualize proximity of all OEL being compared. Similarity of each OEL was seen from the closeness of corresponding plot in the multidimensional scaling figure [19, 20] .
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Results and Discussion
Comparison of OEL characteristics
Seven OEL list from ASEAN-5 countries were compared. They were: Characteristics of each OEL is provided in Table 3 . The main differences amongst ASEAN-5 OEL was the number of listed substances. SNI 19-0232-2005 has the most regulated substances, 618 in number; and Thailand's OEL has the least regulated substances, which only has 105. ASEAN-5 countries update their OEL in regular basis [21] with the exception of Indonesia. Up-dating the OELs is essential to ensure that exposure risk assessments match current scientific and industrial developments.
The list of common and unique substances available in 7 ASEAN-5 OELs can be found in Table 4 (Table 5 ).
Similarities of each OEL with TLV-TWA ACGIH 2016 and PEL-OSHA
Similarities of each OEL are represented by geometric similarity measure (GSM) and are visualized in non-metric multidimensional scaling plot. GSMs of 7 OELs from ASEAN-5 countries in regard to TLV-TWA ACGIH 2016 and PEL OSHA were calculated and the results are presented in Table 6 and 7. It was found that all 7-OELs has GSM above 1 when compared to TLV-TWA ACGIH 2016, which means that generally the concentration limit for most substances in those 7-OELs were higher than TLV-TWA ACGIH 2016. Using a non-metric multidimensional scaling plot, similarities of each OEL can be visualized. Figure 1 According to these findings, there is potential in harmonizing the OELs because of their similarities from both type of substances and concentration limit. However, more studies are needed to explore the challenges and opportunities regarding harmonizing the OELs.
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